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The state-to-statte dINnamics of large cross section ion- ergx reCsonance must11 therefore exist between the energy lc% -
miolecleI charge tranlsfer processes at collision crrgics at els populated by the reactants and thle products of these s\vs-
w\hich direct mechanisms govern the reaction hat\e been the tems. Trhe exothermicities for thle N-, +- H.() and
subjct of numnerous theoretical' and experimental" N 'i H7() charge transfer (2.96 anid 1.91 eV. respectively
studies. Large cross sections are generally observedL when1 indicate t hat population of high vibrational levels of the
charge transfer can proceed efficienitl\ at large impact pat- H, *0 A1 'A, state is inl both cases possible. The photoelec-
ramileters. Since little niomien tui is transferred inl snich colli- tronl spect rum of ILO~ exhibits signiificant Franck-Condon
sions. near energy resonance exists, betN~ eci t he internal cii- factors for bending vibrational levels of tile A1 state inl tile
erg of the reactants and thle pr-oducts,. 'The probability of energy regioni gisenl by thle exotherrmicities. Since the. A-A'
transit ions to ilear-resonant enierpy lel els of thle products atl emission has previously been obserx ed inl thernial charge
anl intermolecular distance R anit niolecu~lr or-iintationl ( transfer bet\%wen Ar' aid [-1.0 ( Ref. 18) and iii Penning
is at funct ion of tilie vibroniic couipling II,( R.0) ) etween ionization collisions w ith Iiater."' tle present lv in'estigated
lie particular reactant anid pr-oduct states. If t his conpliiig is charge transfer svstenis reeent ideal canldidaltes to stutdy

assumed to be iiidcpeiiden t of thle vibrationial coordiiit. it suprathernmal charge transfer Processes ulsing -chrliIi line-
maliy be giv en by thle cx pressionii " ckeCV me-~urcmc~it tc.iniquc-t

11 U , ( R.( 0) vi ' ) . (1I) E xtecnsiv \ (i\ ork has beeni ca rried ouitt in1 te h1Cfleld Off 11mllm-

where 11,.R.0) is tilie pure electroniic coupling and 0- r') is l1in -mlee u 1sIlC rac i t u rat11 CIlie ma co-lsinl Oher

le Eraiic k-Comnoi overla p between tilie vibrat ionalIw nta vr.tleos rxi~ edl-OCCI cmi ssio us il tralhre ge uie ral vtli cres It

functions of the states involed ill thle ionizing an~d neultrali,- Ilta \r.tleosr dei~ll" r eita \teeIl

ing tranitiows.oflsiiall cioss section proceses due to small impi-act pai-

Eq~iti~l ( ) ntegate il I-aditt-Zccr and eri- eter collisions inl which reactioni kinetic eniergy is transiferred
Eq nt in CI I ii egrt edin ind n- e le rI an Den- toi int ernal I neigv oft le pr-oduLcts leading to elissioli. Ili this

kov ty.pe models hats proven1 to be \11 aluable iii reproduiilig Co111linict ionl w report tile Ii rst niCalSulreililit Of llnlines,-
exiieriniitallv obtainecd statte-to-sltte croiss sectiolis inl tilie

svtliCenee IWOiLL( od u ced li uP rlMierll . ii a rgc illii' pa ia iii etei.
(Ar-N.) wl~se ieciLsn rnk-odnfatr b

- ii si i Ea ii k -Cndontact(irs(ib- on - iii 0ctile chia rge 1 ranister etilIi sion s inl whi cl thle e xci ta-
tamned froni spectroscopic datta of thle isolatted nlit rogeii iiole- t ion encrgxadntotlemiinisoeyacurdfm
CUle. '" We have shli inl previins work that such Fraiick- th lxt em in to thle react ioaii dii SotC I i tlie t rsll

Coiidon facto(rs dci niot niecessa ri ly predict thle ni agii it tide of' th i o thcie rmiv of te relciio n n itfoi ietasa

resonlanlt charge tranisfer cro iss sect ic in ace urat cl. Ill tilie I Ile ch lnii In lii CClC nesce CWe lCl iii esueici(5aecalrried ouit
ease oif t he N '-CO, svstemi. for exaniple. eniervy re,,oiiaiice illii aMiodified donlbie liMaS Sspectrometer incorporatinig opti
exists, with v ibrational states of, thle product ionl that exhibit cal detection. The ii d iIi cait ions w\ill liedecsc ribed inl det ai i li
ticar-mzro Eranic k-Coiid (ii factors. but tilie chiarige t ia isle r a subsequiieii pblbIication. H riecl . p rimiiari- ions are prod need
crciss sectioniiat suprat heriiial energies is iiev erthlilss comii- iii at discharge ion souirce. A mass, and cierg\ selected ion)
parati~cl\ large."IIlcmi eirtdaidpse iiongI ttcgsclI io

We have~r recenth lv1tidied thle N. -11,0 ( Ret'. 15 ) and cell ti , glil hCr pic Pl it gd i Scl Thellisiht

thle N '-11,.0 ( Ref. l16) charge transl'er svsteiit cciiter-of- guide transiits lwigh (roml thle c'ollisioii oltuiiic to at siiiiple
niass col lisioii eniergies rantgi iig fromt I to 15 eV and ha' e Czernv trc pcrgah(/17 .5 l)eupe
foundt charge transfer to proceed wit Ii avry lughI probabi Ii - it -rirsecogah(3..).16iIqupd\61 alil t ciisliIi ed ph ot od iode at-ra o f alli optical ni11ti
the IiN. -11.0 cross sect ionsare slightlIy larfcr t han thowe channilet lanaly\zer t(A O A, Prinlcetonl Ins~trumentl s. Intc. ).The

dletermiined for (the N -[1.,0 system. The product ioutittle- ititenlsitied pliotodiode arram is funtished \ itli anl -2(0 type
of-fl i glt ni easn reniet ts dcfii st rate tliaiiin boit isyst enis thle pilcotc ca thlode. [lie M I A ariid spect rog raphI can iile replaced
proiduct hoW ions are produced \ itli essentially therfiial with a1 ploilotiiilt il)il an1d ccuunt1ilg electronics0 toi deterI-
eniergies ili the laboratory framei thIii'cgihut h ti ieasured t1il otal emiissionl rates.
ccolIi sicon energy raniige. Thli chia rge trail sfer prccesses aric Th lt tal cliiiissicn ici astrecici t s for tile ( N - 11,I 0)
therefore matinly duie to large impact parameter grazinig svsteiii exhibit intense emissions \\t ita c'ollision enecrgy de-
collisions inl which little rii11cumentnnu is I ranisl'erred. Near cli* Pentdenic that is inl qualitatis e agr-cciiient \%ithi thle c'harge

____________________________________ - t a (is her crc ins sect ion flcirg depeiidei ice." -Figunre I is a
.c iytclk, Rt,t cm lc'i wide spectral ranige. to\\~ resolcition 4 i nin 1W IIM N1 pec-

1"adI lIIll,(1I1L'. tI t( ,IICL'C, 5,ici. t 1I~I~X N) itiui obtained~ froni N. , II collisionsil i ceiiter-ot-
I i~~o2 iii a11ss cciiIi iml cii crg cof' 8.6 CV at \% li cI cue rg Ili e chia rge
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H20+ A 2 A1-R2B,
N2+ + H20
Ecm =8.6 eV N i ~t'm
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transfer cross section is 22,1-- 6 A' Thle spect runm is not isolated H ,0 molecule atre considered to aceuratel\ recpre-
corrected fo(r the spectral response of(lie detector. A main sell(t(lie effective overlap. A siniila r violation has been oh-
hand centered at approximately 480 nim is observed that we served inl the N CO. charge transfecr s\stenis."
associate with UIi 1- .4 ,~B enmission. The figure also A possible explanat ion for tlie obser~ ed differcek inl
contains a prcliniinarv anadl sis of the structture observed ill prIdt stateI pOpulaittiolt of' tile preCsent lv s1tiL Chid 'cha
the hand. rue spect roscopic data isobtained from Lew" and t ransfer svstenis i Iy he 1ound wien correlat inc tile s\vninlie-
Dixon et a!. ''The analysis indicaites that thle charge transfter tries of'he pat ictilar rectanllts and products. ffit is jslulat1-
react ion is prefecrenitially populat tuilg the bending mode r', ed that thle chlae Iraiisfer comlplex tiiitairis C. s\I mute-
S- 14 and 15 levels of the h-I 0 ' -1 ;tatle. At thle present reso- it \. thle tollv symnietric N. 11.0O chiarge tranisfer

lution of' (lie experiment. we do not observe dramatic reactants corre 'late withI thle products N . and H .0 inl t heir
changes inl the shape of the structure (if the band when vary- X'11 and .. ',,I, states. respectively. Ili tlie N - 11.0
in g the collision energy betw~eenr 0.8 t a id 2(0 eV c. in c harge tra nsfer. helie nutiralization of the 'P N piima r\ loti

'[he t '- 15 level of the 11, 0 A1 state is alniost reso- to a 's nit rogeti atoml correlates with file fbrun1atioii of thle
nant w\ith (lie grounid state of N,* Our- results there'fore product 11. 0) iti its.i 'B, state.' Electronic orbital anigular
show that esselt tia II all of, (ile e xothleiliicii v of tilie in ot11ifrt nii coit ,\iseatiml h ias also hecti suggt-ested as' a possi -
N . 1 . )cli a -ge ra tisf'er is ci iiie led in to ii tertiai iii(les Mle caunse of, tile la re if e -cne bet well tile c ha rge I ils fe r
of't the ion ic product . Cmiipaiso smiti ili total ceiiission inteti- cross sect ions obscr\ i'd itlt the N '( ) anrd N - ('( ). 5s-

sitvt~n i ytm wt a batclfoisseis~hr teis.II
tle em issioui e rOsssct ion hias bet det erminied intdlica tes I hatl T'hle spec trtnum il tigi. I alIso cxli its adit io nal i lie,, in
his etiissioit cross sect ioul is vei'-' large. anid that a large the ranige 2801-4001 rim. [The nmaini lineC is eCIttered atl 310'

f'raction. possihl\ aill, (iol' charge tu'amisfer coll isiotis pro- ti1m atid is iliiificil to he tile I(0.0) hanid o tire OH1 I 'I

dfuce [IO .0 inl tile, -I cctotic %fati'. This is consonant %%itli X'I itransition which has at hand head at 3100.4 11i1i. '' Tie
Eiq. ( It andml[the fIteat that thle 1", 14 and 15 le~els, of' this 0F1 is proiduced illtile i'eactioii
state have significant Franck C'oiL01iiloti ftetos. N. 110 -( V I N 01 1 ( 2,I

Thle N ' II.( ) charge t taisf'e. howe\ er. exhfibits tio
detectable 11. A) statle emiission. despite tile f'act that this Thlis r'eaction has beein sho\\ ii to proceed \ia at spciaor
sseili isecicrgN r'esoinant %ithi A1 state vibrational levels that st rippinig mechanisn. "Accor'dinig to t his tmechanism. t lie'

Iia~ c mmore lb vm rahbIc Fran tck - (ondon flue i (rs thiain iii tile in tertia I enrgy (iftlie produnets, imust in crease w\ith coil isi on
N -hI O0s\steni. Cotisequtieii I. assntinng t hat tihe ii trogenl eiiergy as coniirmied by thle ti e-n ifli ett mieasurmet (''i iit'o
alm m is pro id uci'i ill filie g rouintd state. highi vi bratim iial Ii'wc s the produnet ion s." T'hie 301) inii hantd a ppi'ars oiil\ at i'oIIi-
ot'tle product iont ground vliioinie stc miust be populated sioi etiergies abowe 6 V ciii.. iii quazlitatim~c ccordanilce\withI
that hawe negligibly smrall hFmatck -Conidon fators'.'This is iii tire model. Ani additiontal peak is obsenr i'd a 352 _ I vini.
v'iolationr of' Eq. (1I) if' the Fratick (iondoti f.ictot's of' !:1, Thi!, baoid Is miost likely (ltie ito the Xr 1 sequecei of, Ilie'
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